Objective-To evaluate diVerences in investigation results and treatment between men and women referred for diagnostic treadmill exercise testing and coronary arteriography. Design-Cohort study. Setting-Tertiary cardiology centre. Subjects-1522 subjects referred by primary care physicians to an open access chest pain clinic for initial investigation of chest pain, of whom 485 were subsequently referred for coronary arteriography; and a similar cohort of 107 subjects referred directly by secondary care physicians for diagnostic coronary arteriography. Main outcome measures-Rates of positive exercise tests and rates for referral for arteriography and revascularisation according to sex. Results-Overall, women were less likely to be referred for arteriography and revascularisation than men. However, men were more likely to have positive exercise tests, and for various exercise test diagnostic end points men were also more likely to have significant coronary artery disease. After taking this into account, there was no sex diVerence in referral rates for arteriography or revascularisation. Conclusions-There was no evidence of a sex bias resulting in inappropriate underinvestigation or undertreatment of women. However, the positive predictive value of treadmill exercise testing is low for women and further research is needed into how best to investigate women with chest pain. (Heart 2001;85:149-152) 
Numerous studies have shown that women with chest pain and acute coronary syndromes are less likely to be investigated by coronary arteriography [1] [2] [3] or to be treated by percutaneous transluminal coronary angioplasty (PTCA) or coronary artery bypass grafting (CABG) than men. [4] [5] [6] One explanation is that there is an inappropriate sex bias resulting in underinvestigation and undertreatment of women. However, chest pain in womenparticularly in younger women-is less likely to be associated with atheromatous coronary artery disease. It is therefore possible that lower rates of arteriography and revascularisation are because a larger proportion of women have normal findings or less severe disease on previous non-invasive assessment. 7 The original report of sex bias used nuclear exercise testing for the initial assessment of disease severity and gave convincing evidence that women were less likely to be referred for arteriography.
1 However, other studies can be criticised because crude rates of arteriography and revascularisation were used without taking preliminary markers of disease severity into account. 2 5 6 In this study, we investigated a cohort of subjects referred to an open access chest pain clinic for initial assessment by treadmill exercise testing, and, using various diagnostic end points, we looked for possible sex bias in subsequent referral for arteriography or myocardial perfusion imaging. For subjects who then had arteriography, we also investigated for possible diVerences in revascularisation rates. As the subjects referred to an open access clinic may not be representative of all patients, we also investigated a separate cohort referred for arteriography by secondary care physicians.
Methods
Subjects were consecutive patients referred by primary care physicians to our open access chest pain clinic for diagnostic exercise testing between December 1997 and April 2000. Subjects were included if they had not previously had an exercise test, coronary arteriography, PTCA, or CABG. A nurse recorded demographic data onto an electronic database, along with duration of the exercise test, the occurrence of pain during the procedure, and any ECG changes. Tests were supervised by specialist cardiology registrars who decided at the time, subject to subsequent confirmation by consultants, whether or not to refer for arteriography or myocardial perfusion imaging. Using the same inclusion criteria, we also studied a second cohort of subjects referred directly by secondary care physicians; these patients had had arteriography during a three month period from October 1998.
Cardiac catheterisation results and decisions regarding revascularisation were obtained from electronically stored discharge letters up to the end of August 2000. Significant coronary artery disease was defined as the presence of at least one lesion causing at least 50% stenosis.
Prognostic coronary artery disease (disease for which CABG would be expected to prolong life expectancy) was defined as left main coronary artery disease, three vessel disease, or disease in the proximal left anterior descending coronary artery and one other vessel.
Continuous variables were compared with the two tailed Student t test and categorical variables with the 2 test and the calculation of odds ratios with 95% confidence intervals (CI) (SPSS version 9).
Results
During the study period, 2002 subjects were referred to the open access clinic, of whom 1522 fulfilled the inclusion criteria (table 1) . Their mean (SD) age was 56.1 (13.1) and 58.2 (12.2) years for men and women, respectively (p = 0.002). The exercise test protocol used was the full Bruce in 95.4% of men and 93.2% of women. When overall referral rates for further investigation were considered, women were referred as often as men (34.6% v 38.1%), but men were more often referred for arteriography (35.6% v 26.1%; odds ratio 1.6, 95% CI 1.2 to 2.0) while women were more likely to be referred for myocardial perfusion imaging (8.5% v 2.5%; odds ratio 3.6, 95% CI 2.2 to 6.0). However, positive exercise tests occurred more often in men, while women were more likely to have tests without ECG changes and pain (table 1). It can be seen that for a variety of exercise test diagnostic end points, referral for arteriography was always as common in women as men but referral rates for myocardial perfusion imaging were sometimes higher in women.
In all, 485 subjects were referred for arteriography from the open access clinic. Among these there was no diVerence in age between men and women (61.6 (10.1) v 61.4 (11.2) years). By the end of August 2000, 423 subjects had been investigated (table 2) . A further 25 were waiting, 11 (five women and six men) had declined, three had died, one had developed a serious malignancy, and 22 (six women and 16 men) were lost to follow up. Overall, men were more likely than women to be referred for PTCA or CABG (59.4% v 32.8%; odds ratio 3.0, 95% CI 2.0 to 4.6) but this was because men had a higher incidence of both significant and prognostic coronary artery disease (table 2) . In fact, 56.2% of women were found to have normal coronary arteries compared with only 16.4% of men. When this was taken into account, there was no significant diVerence in revascularisation rates. For subjects with prognostic disease, the referral rates for PTCA and CABG were 11.4% and 75.6% for men and 22.7% and 68.2% for women. The corresponding rates for significant but nonprognostic disease were 41.4% and 12.9% for men and 55.3% and 10.5% for women. In contrast to revascularisation rates, diVerences were found for the positive predictive value of an exercise test. If an exercise test was defined as positive when there was at least 2 mm of ST depression, the positive predictive value (posttest likelihood of coronary artery disease) was 95.2% for men but only 72% for women. These values are only close approximations, as 15 subjects (9.1%) with positive tests were not referred for arteriography (table 1) and we do not know whether they had coronary artery disease or not (four of these subjects were not referred because they had severe peripheral vascular or respiratory disease, and the remainder had few symptoms with good exercise tolerance). Similarly, we did not calculate negative predictive values because the majority of subjects without significant ECG changes were not referred for arteriography. Nevertheless, it can be seen that for most exercise test diagnostic end points, men were more likely than women to have coronary artery disease (table  2) .
The cohort of subjects referred by secondary care physicians was smaller than that referred from the open access clinic (table 3) . However, baseline characteristics were similar in that there were more men than women, there was no sex diVerence in age (59.1 (9.2) v 60.8 (8.2) years), and a significant proportion of subjects did not have ECG changes on exercise testing. Once again, men were more likely than women to have coronary artery disease and after taking this into consideration there was no significant diVerence in revascularisation rates. For subjects with significant or prognostic coronary artery disease, 65.7% of men and 50% of women had revascularisation by CABG or PTCA (odds ratio 1.9, 95% CI 0.6 to 5.7). 
Discussion
For certain anatomical patterns of coronary artery disease, CABG is of prognostic benefit 8 and arteriography is important for obtaining anatomical data. A sex bias against women may therefore result in inappropriate withholding of life saving treatment. In the first reports of sex bias, it was postulated that women may have been under investigated because opinion at the time was that angina carried a better prognosis in women 9 10 and that women had more complications and benefited less following surgery. 11 However, more recent studies report that such a bias still exists. 6 It has also been suggested that a sex bias may arise because women were more likely than men to decline a major procedure. 2 We found, however, that only a very small proportion of subjects of either sex refused further investigation. Finally, it is possible that women with chest pain are less likely to undergo arteriography and revascularisation because they have less severe disease.
The treadmill exercise test is the classic method for initial assessment of chest pain. A test can be interpreted as being positive if 2 mm of ST depression on the ECG is achieved, but other end points include lesser degrees of ST depression and the occurrence of symptoms. Prognostic scores taking these factors into account have been devised but have not been widely validated. 12 Therefore there is some subjectivity in interpreting the significance of exercise test results. For instance in this study, while the vast majority of subjects with 2 mm of ST depression were referred for arteriography, a varying proportion of subjects with other findings was referred. A sex bias may therefore arise if thresholds for diagnosing severe disease are higher for women. However, we found no evidence for such a bias, and for each diagnostic end point referral rates for arteriography were equal in both sexes.
It has been claimed that, as well as being less likely to be referred for arteriography and revascularisation, women who are referred are older and have more severe disease than their male counterparts and that this reflects delay in referral. 4 In our open access clinic cohort, women were older but this is to be expected as coronary artery disease presents earlier in men. However, in both cohorts of subjects undergoing arteriography, not only was age the same in the two sexes but women were less likely to have significant coronary artery disease and more likely to have normal coronary arteries. The incidence of normal coronary arteries among women in our study was similar to that in other series where subjects have had arteriography for diagnostic purposes. 8 
CONCLUSIONS
We found no evidence of a sex diVerence in referral for arteriography or revascularisation. The sex diVerences that were identified suggest that women presenting with chest pain are less likely to have a positive exercise test, and among those who do have a positive exercise test, women are less likely to have coronary artery disease than men, as has previously been reported. 13 Although the question of whether sex bias exists is important, a more relevant question seems to be how best to investigate women with chest pain. In our open access chest pain cohort, 56.2% of women undergoing arteriography had normal coronary arteries. However, arteriography remains an important diagnostic tool as the positive predictive value of treadmill exercise testing-the most widely available non-invasive method for assessing chest pain-is low in women. 6.3 11.1 0.5 (0.0 to 9.7) †ST elevation, T wave inversion or arrhythmia (in the absence of ST depression). ‡For subjects without any ECG changes or pain and whose exercise test was the full Bruce protocol. *p < 0.05; **p < 0.01; ***p < 0.001. 
